Introduction
The issue of Bantu vowel height harmony is one that most serious theories of phonology have addressed at one time or another. As is quite well-known, the majority of an estimated 500± Bantu languages exhibit some variant of a progressive harmony process by which vowels lower when preceded by an appropriate (lower) trigger. In this paper I have three goals. First, I present a comprehensive treatment of the unusual vowel harmony system in (ki-)Yaka, a Western Bantu language spoken in ex-Zaire, designated as H.31 by Guthrie (1967 Guthrie ( -1971 . Second, I introduce the notion of the prosodic trough (τ), a domain which is needed in order to state important phonological generalizations in Yaka and in Bantu in general. Finally, I show the relevance of the Yaka facts for the study of positional prominence in phonology. A (partial) analysis is offered within optimalitytheoretic terms, particularly as developed by McCarthy & Prince (1995) . Although superficially resembling the vowel height harmony found in most Bantu languages, the Yaka system will be shown to differ from these latter in major ways. The paper is organized as follows. In §2 I establish the general nature of the Yaka harmony system, reanalyzing previous accounts in terms of "plateauing". In §3 I turn to the process of "imbrication" which introduces a second motivation for vowel harmony: the avoidance of the sequence [wi] . A third source of vowel harmony is presented in §4 which also introduces the notion of the "prosodic trough". The study ends with a brief conclusion in §5 and an Appendix that discusses outstanding problems. 1
PLATEAU and vowel height harmony
Since the Yaka system has been compared to the standard kind of vowel height harmony (VHH) found elsewhere in Bantu, 2 I illustrate the latter from Kisa E.32 (Sample 1976) in (1).
(1) Vowel height harmony in Eastern Bantu, i → e / {e, o} __, u → o / o __, e.g. Kisa E.32 a . -tsom-el-a 'pierce + appl' b. -tsom-ol-a 'pull out' -rek-el-a 'set trap + appl' -rek-ul-a 'spring trap' -"is-il-a 'hide + appl' -"is-ul-a 'reveal' -fu:ng-il-a 'lock + appl' -fu:ng-ul-a 'unlock' -"a:mb-il-a 'spread out fasten down' -"a:mb-ul-a 'spread apart, open up'
As seen in (1a), the /i/ of the applicative suffix lowers to [e] after /e/ and /o/. On the other hand, (1b) shows that the /u/ of the reversive transitive suffix lowers to [o] only after /o/. This is what I call the 1 This paper was presented at the Southwest Optimality Theory workshop at U.C.L.A. on June 1, 1997 and in a phonology seminar at U.C. Berkeley on September 18, 1997, participants at which I would like to thank for their helpful comments. I am particularly endebted to Sharon Inkelas, who has continually provided valuable input, and in whose seminar in I was inspired to produce this study. I am also grateful to Karel van den Eynde, Claire Grégoire and Lukowa Kidima for their written correspondences with me on Yaka. This study was greatly faciliated by the transfer of the Yaka-French part of the Ruttenberg (1971) dictionary into database form by John Lowe (co-PI) as part of the Comparative Bantu On-Line Dictionary (CBOLD) project, funded in part by National Science Foundation Grants #SBR93-19415 and #SBR96-16330. 2 For example by Archangeli & Pulleyblank (1994) : " Schlindwein (1989) makes exactly the same point [as A&P do for Haya] with respect to a comparable process of post-root harmony in Yaka. Versions of the same harmony process are found in other Bantu languages as well...." (p.443).
"asymmetric" pattern of VHH (Hyman 1997 van Wing & Penders 1928] ) and illustrated in (2), comes from Western Bantu:
(2) Vowel height harmony in Western Bantu, i, u → e, o / {e, o} __, e.g. S. Kongo H.16 a . -somp-el-a 's'attacher à' b. -tomb-ol-a 'faire monter' -leng-el-a 'dépérir, languir' -lemb-ol-a 'barrer, effacer' -sik-il-a 'soutenir, fortifier ' -vil-ul-a 'mouvoir, remuer' -vur-il-a 'surpasser, l'emporter' -bub-ul-a 'corrompre' -land-il-a 'suivre' -bang-ul-a 'faire violence, violer'
These data come from a southerly dialect of (ki-)Kongo, which borders with Yaka, the language I will be discussing in some detail. As seen in (2), /i/ and /u/ lower, respectively, to [e] and [o] after both mid vowels. This "symmetric" pattern of height harmony is almost exclusively limited to Western Bantu. 4 It is generally assumed that the two systems are related and that the asymmetric pattern is older (but see Hyman 1997 for further discussion).
In this context, it is natural to assume that the Yaka examples in (3) derive from the same proto harmony system. 5 (3) VHH of the perfective suffix in Yaka a .
kik-idi 'barrer' kin-ini 'danser' kud-idi 'chasser qqn' kún-ini 'planter' kas-idi 'lier' kan-ini 'proposer' b. keb-ele 'faire attention' kém-ene 'gémir' sol-ele 'déboiser' són-ene 'colorer'
The forms on the left show that the perfective suffix is -idi after the vowels /i/, /u/ and /a/, but -ele after /e/ and /o/. The forms on the right are identical except that the consonant of the suffix becomes [n] when a nasal consonant occurs in the preceding syllable (van den Eynde 1968 , Kidima 1991 , Hyman 1995a . It should be noted that the perfective suffix can be set up either with an underspecified /D/ or with an underlying /l/, which is regularly pronounced [d] when it is followed by [i] .
Based on the data and discussion in van den Eynde (1968) , Goldsmith (1985) proposed a rule of leftto-right spreading of [-high] Though changed in details, Goldsmith's proposal of a progressive height harmony rule in Yaka has been accepted by all subsequent scholars who have commented on it, e.g. Schlindwein (1989) , Goad (1993) and Archangeli & Pulleyblank (1994) .
Despite its superficial attractiveness, there are, however, serious problems with this analysis. As I shall show, unlike most other harmonizing Bantu languages, the presence of a preceding M vowel is neither sufficient nor necessary to get height harmony in Yaka. The verb forms in (5), for example, (5) No VHH on the usual verb suffixes ("extensions"): applicative, causative, reversive
show that high vowel suffixes other than the perfective do not by themselves undergo height harmony after a mid vowel. Thus, both the applicative suffix -il-in (5a) and the causative suffix -is-in (5b) fail to harmonize after /e/ and /o/. Similarly, the reversive suffixes -uk-and -ul-do not harmonize in (5c) and (5d). The question is why not?
The simplest and perhaps most obvious step to take in response to these facts would be to stipulate that height harmony is simply morphologized, targeting only the perfective suffix. First, as a Bantuist, I note as a diachronic aside that this solution is the exact opposite of what is expected from Proto-Bantu. The perfective suffix *-id-e is reconstructed with a high tense vowel *i, while the vowels of the suffixes in (5) are reconstructed with the lower lax vowel *i. It is this latter "degree 2" vowel that harmonized historically (Meeussen 1967) . Thus, in many Bantu languages such as Haya E/J.22 the applicative harmonizes (e.g. a-kom-él-a 'he ties for/at'), while the perfective does not harmonize (e.g. a-kom-íl-e 'he tied [yesterday past]'). 6
Besides being diachronically anomalous, notice in (6) that VHH would in certain cases have to target the perfective suffix "at a distance": 6 A rather complex but logical diachronic explanation (which I reject) begins by first generalizing left-to-right VHH to perfective *-id-e. Speakers subsequently would then have had to identify VHH with the perfective and suppress it on all other suffixes-a rather roundabout way to get morphologization vs. the proposal I will make below. Finally, another anomalous fact worth noting about the perfective data is that the final vowel of the verb stem is exempt from height harmony in most Bantu languages, however, with notably exceptions (Leitch 1996 , Hyman 1997 .
(6) VHH would have to target the perfective suffix "at a distance"
bal-uk-a / bal-uk-idi 'être renversé' c. yed-ik-a / yel-ek-ele 'gouter' d. yek-uk-a / yek-ok-ele 'être séparé' kos-ik-a / kos-ek-ele 'ajouter' tob-uk-a / tob-ok-ele 'être percé' e. bet-idik-a / bet-elek-ele 'abaisser' f . kel-umuk-a / kel-omok-ene 'faire volteface'
These data show that vowels that occur between the root and the perfective suffix potentially harmonize. There is no harmony in (6a,b), where the first vowel is /i/, /u/ or /a/. The examples in (6c,d) on the other hand show that derivational suffixes such as -ik-and -uk-do lower when wedged between a mid root vowel and the perfective suffix. Finally, the forms in (6e,f) demonstrate that more than one intervening vowel may undergo height harmony (see also §3 and the Appendix).
In response, we might modify our first hypothesis such that VHH still applies from left-to-right but only when it can reach the final vowel, i.e. only when the Mid feature can be aligned with the right edge of the stem. This modification, however, has problems of its own. First, as seen in (7), there is no height harmony on the final vowel -i used in the conditional: 7 (7) No VHH on the final vowel -i used in conditional a .
tu-kik-í 'si nous barrons' c. tu-kik-id-í 'si nous barrons pour' tu-kud-í 'si nous chasser qqn' tu-kud-id-í 'si nous chassons qqn pour' tu-kas-í 'si nous lions' tu-kas-id-í 'si nous lions pour'
b. tu-keb-í 'si nous faisons attention' d. tu-keb-id-í 'si nous faisons attention pour' tu-sol-í 'si nous déboisons' tu-sol-id-í 'si nous déboisons pour' (7a) shows verb roots with /i/, /u/ and /a/ immediately followed by the conditional suffix -i. We see in (7b) that final -i does not harmonize after root /e/ and /o/. In (7c,d) I have added the applicative suffix -il-, pronounced [-id-] before [i] , which also fails to harmonize after /e/ and /o/ in (7d).
In addition to these facts involving conditional -i, there is no VHH on derived nouns ending in the final vowel -i in (8):
7 Within Bantu, the verb stem must end with one of a small number of inflectional endings. In Yaka these include perfective -ile, conditional -i and the "default" FV -a. Kidima (1991) reports that the final vowel of the conditional is -e on monosyllabic verbs, citing, tu-dy-é 'if we eat'. Van den Eynde (1968:87, 89) gives the corresponding conditional stems of the root -w-a 'hear' and -t-a 'say' as varying between w-e ~ w-i and t-e ~ t-i. (The variant w-i in fact violates a constraint against the sequence [wi] which we discuss in §3.) Given this variation we would ideally like to study the realization of the conditional FV across different dialects and speakers. Finally note that although we shall point out later that stems do not otherwise end in a single vowel [e], the final -e on dy-e, w-e and t-e can be preserved by the fact that it appears in the first stem syllable (cf. below). More problematic, perhaps, would be explaining why the mid feature of *-e, which occurs frequently in the subjunctive in other Bantu languages, does not spread leftwards as we argue below for the *-e of the perfective ending *id-e. Concerning the proto situation, Meinhof & van Warmelo (1932:168) state re Kongo: "...the -i of the optative form is derived from original -e and though proably first assimilated only after i and u, -i has now become general, and has only been retained as -e in a few forms and dialects. It produces no change in the stem, e.g. kangi from -kanga 'bind', vedisi from vedisa; cf.
-fwasabale from -fwasabala 'rustle'."
These nouns in fact contrast with others such as those in (9), which end in front mid vowels: Turning to final /e/, this vowel cannot appear as the second vowel of a bisyllabic noun stem at all.The generalization is that a monomoraic /e/ may not occur outside the first syllable of a noun stem. Let us consider the effect of extending this generalization to verb stems. In this case, assuming /-ile/ as the underlying form of the perfective suffix, the mid feature of /e/ would be lost if it is a monomoraic (i.e. if it fails to spread right-to-left).
What I am suggesting is that Yaka does not like monomoraic final /e/'s. As we saw in (9), it does allow final /e/ on longer noun stems. In this case, the /e/ can be interpreted as linked also to the penultimate vowel, and hence is not a monomoraic.
Further evidence that a final /e/ must be multiply linked is seen from the French borrowings in (13). Ruttenberg (1971) , only 1 (búse 'bougie') occurs without the preceding vowel also being [e] . In other words, even in borrowings, the /e/ is always branching. Since borrowings that end in other vowels do not have this restriction (e.g. pháki 'Pâques', káafi 'café' etc.), I take this fact to be significant. 10
The plateauing analysis also nicely handles the two anomalous pairs of noun forms in the language seen in (14).
9 Numbers that I indicate in parentheses refer to combinations that are rare enough to be considered exceptions. These refer to the following forms: (i) CeCe: n-léle 'linge, étoff, tissu'; n-yénde 'esp. de panier'; (ii) -bóte in both m-bóte 'bonté, honnêté' and di-mbóte 'bienfait'; (iii) w-áándzyo 'ange' (borrowed from French?). Another CeCe form, mbele 'celui qui, quiconque' might be mentioned, but may be a grammatical item. Finally, it is not clear whether the five CoCu noun stems are "in" the system vs. exceptional. They are: b-óoku 'champignon'; khókú 'premier chant du coq'; thótú 'esp. de lapin'; yi-zóombu 'gibicière'; wóólu 'or' [borrowed from English gold?]. 10 The nouns in (13a) end in a long vowel [ée] with falling tone, which apparently does not otherwise exist in the language, but which presumably imitates a perceived final accent in French. Except for the last form in (13b), final epenthetic [e] does not develop into [ée] . Also, I assume that kuphée in (13a) derives from French coupé 'cut'. dí-ísú 'oeil' /li-iso/ pl. m-éésó /ma-iso/ < PB *-jíco 'eye' dí-ínú 'dent' /li-ino/ pl. m-éénó /ma-ino/ < PB *-jíno 'tooth'
The vowel height of both syllables of these nouns differ between their class 5 singular, where the vowels are [+high] , and their class 6 plural, where both vowels are [-high] . Superficially, it again appears that there is a left to right height harmony. Under the left-to-right analysis the roots would be underlyingly /-isu/ and /-inu/. When the class 6 prefix ma-fuses with the root-initial vowel /i/ to produce [e], the M feature would then spread to the right. However, this would predict that the same should happen in the noun /ba-ifi/ 'thieves' in (14b), where the class 2 prefix /ba-/ also fuses with the initial /i/ of the root. Since this does not happen, the left-to-right analysis must be wrong. As shown, I propose instead that these roots are /-iso/ and /-ino/ underlyingly, and that the M feature of the final /o/ is preserved only when preceded by a M vowel (just as in the case of perfective /-ile/). This /o/ will of course be preceded by a M vowel only when the /a/ of the noun class prefix fuses with the root-initial /i/, a process to which we return in §4. This shows that the ma-prefix becomes part of the stem. On the other hand, when the prefix is the class 5 singular /li-/, the M feature of /-iso/ and /-ino/ is delinked by the rule in (11). 11 These underlying forms directly reflect Meeussen's (1967) Proto-Bantu reconstructoins to the right in (14a), as well as reflexes in order languages, e.g. Yao P.21 dí-ísó / m-éésó 'eye(s)' and dí-ínó / m-éénó 'tooth/teeth'. We thus see that there never was a left-to-right height harmony in the history of these forms in Yaka-nor, I would claim, in the synchronic analysis either.
To translate into optimality-theoretic (OT) terms ( PLATEAU: *HM, *LM (i.e. a vowel preceding a M vowel must be M) c.
IDENT FV (i.e. preservation of the features of the final vowel)
The constraint IDENT V 1 is designed to preserve the mora and features of the first stem syllable which is known to be prominent in Bantu languages. 12 The constraint PLATEAU says that a M vowel must be preceded by another M vowel. Finally, IDENT FV refers to the preservation of the features of the final 11 Meinhof and van Warmelo (1932:168) make similar observations about the corresponding forms in certain dialects that show the same alternations in the Kongo H.10 group. The same observations are found in Laman (1936) . 12 The IDENT V 1 and IDENT FV constraints are generalized from Beckman (1995 Beckman ( , 1997 , who ranks the preservation of input height features on the initial stem syllable in Shona higher than the preservation of the same features on subsequent (stem-internal) syllables. The greater prominence or "strength" of both the consonants and vowels of stem-initial syllables is quite widespread in Benue-Congo languages (Hyman 1990) . For example, the first syllable is the only position in the Proto-Bantu verb stem where all seven vowels clearly contrasted. Thus, Meeussen (1967:92) states, "The absence of morphophonemes |e| and |o| in suffixes is worth noticing; this gives free space to the rule stated in 1.7." The rule in §1.7 to which Meeussen refers is the Eastern Bantu vowel harmony system illustrated earlier in (1): "|i| appears as /e/ after either |e| or |o|.... Similarly, |u| appears as /o/ after |o| (but not after |e|)" (p.84). In Yaka, which has merged *i/*i and *u/*u to yield the five vowel system /i, e, u, o, a/, only /i, u, a/ contrast stem-internally, i.e. within what I shall refer to as the "prosodic trough" (cf. §4). For other optimality theoretic work on positions of relative prominence, see Casali (1996) , Zoll (1996) , Beckman (1997) and the references cited therein. (16) and (17) show how these three constraints derive the correct outputs of /kik-ile/ and /keb-ile/, respectively: 13
vowel (FV). The tableaux in
In (16) the input vowel of the root /kik-/ is high, therefore the perfective suffix must be realized -idi. The form kik-ile is ruled out in (16a) by PLATEAU, since the final /e/ is not preceded by a mid vowel. 14 Although right-to-left spreading of M has applied to the preceding vowel in (16b), PLATEAU is still violated. 15 To avoid violating PLATEAU in (16c), M might spread into the first syllable. However, as shown, this would cause a violation of higher ranked IDENT V 1 . Finally, the right output is obtained in (16d), where only the lower ranked IDENT FV is violated.
Now compare the tableau in (17), where the root vowel is mid.
In (17a) we again obtain a PLATEAU violation when the M feature remains on the FV. This is fixed up in (17b) by right-to-left M spreading. Had we instead delinked the M feature of the FV, as in (17c), a violation of IDENT FV would have occurred. Finally, we obviously would have the worst possible outcome if, as in (17d), the M feature of the stem vowel were not retained.
The above concludes the treatment of vowel height harmony in Yaka, as motivated by PLATEAU. In the next section we turn to a second, unrelated case where right-to-left vowel height spreading is required.
13 While the three constraints in (15) are sufficient for the present purposes, as these tableaux show, clearly other constraints will be needed, some of which are introduced in §3 and §4. One of these will be the general IDENT V, which makes no reference to position and which is ranked below IDENT FV. 14 Given the failure of final /e/ to appear even after /e/ and /o/ in bisyllabic noun stems in (10), I also propose a constraint *MONO[e], which rules out singly linked /e/. Of course this will not affect a monomoraic /e/ in the first syllable of the stem, which must be preserved because of the higher ranked constraint IDENT V 1 . For other discussion of the MONO as well as PLATEAU families of constraints, see Cassimjee and Kisseberth (1997) . 15 As far as I can tell, there does not appear to be any reason for PLATEAU to be gradient. If M-spreading doesn't apply *MONO[e] will also come into play, but spreading once vs. twice when both are inappropriate seems not to matter. Note that we could slightly revise our intepretation of PLATEAU to say that any M vowel that is not preceded by a M vowel is a PLATEAU violation. In this case a M V1 would violat PLATEAU, but would be saved, since the higher ranking IDENT σ 1 requires the M feature to surface. In §4, however, I argue that the first syllable essentially falls outside the purview of these constraints, which explains in part why assimilation is right-to-left rather than leftto-right.
*[wi] and vowel height harmony
In the preceding section we observed via the process of plateauing that it is not sufficient to have a preceding Mid vowel for a stem-internal High vowel to become Mid. In this section we turn to a second source of height harmony, which shows that having a preceding Mid vowel is not even necessary.
Recall the data in (6b,d), repeated here in (18a,b).
(18) Second source of -ele from "imbrication" (fusion) of the perfective a . zib-uk-a / zib-uk-idi 'être ouvert' c. zib-ul-a / zibwel-e 'ouvrir' hul-uk-a / hul-uk-idi 'être sauvé'
hul-ul-a / hulwel-e 'sauver' bal-uk-a / bal-uk-idi 'être renversé' bal-ul-a / balwel-e 'renverser'
These forms show the reversive intransitive suffix -uk-followed by the perfective suffix. Plateauing harmony applies in (18b), as expected, but not in (18a), where the root vowel is /i/, /u/ or /a/. Compare now the data in (18c,d), where the verb bases end in the reversive transitive suffix -ul-. Here the perfective, which has been analyzed underlyingly as /-ile/, has fused with the stem. This process is generally known as "imbrication" in the Bantu literature. 16 In Yaka, imbrication of the perfective suffix occurs if two conditions are met: (i) the base has to have at least two syllables, i.e. be of the shape CV(V)CVC-or longer; (ii) the base has to end in a coronal consonant such as /l/ (vs. non-coronal consonants such as /k/ In Yaka, imbrication, and its corollary of unexpected right-to-left spreading of the FV, is not limited to the perfective suffix. The forms in (20a,b) document an uneventful appearance of the applicative suffix -il-after the reversive intransitive suffix -uk-: 17
In (20c,d), on the other hand, where applicative -il-has been added after reversive transitive -ul-, imbrication applies with the FV spreading into the penultimate syllable. The only difference in this case is that the FV is /-a/ (vs. the FV /-e/ used in the perfective). 18 The expected forms are indicated in (21).
(21) Expected realizations of -ul-+ -il-suffixes in (20c,d):
a . If not imbricated: *zib-ud-il-a, *hul-ud-il-a, *bal-ud-il-a, *yek-ud-il-a, *tobud-il-a, b. If imbricated: *zibwil-a, *hulwil-a, *balwil-a, *yekwil-a, *tobwil-a
If there had not been imbrication, the applicative forms would have surfaced as in (21a), parallel to the forms in (20a,b) which end in /k/. Since we know that imbrication does take place, the expected forms in (21b) 
The expected realizations are shown in (23). (24) Triplets attested in Ruttenberg (1971) a . kabula 'retourner' b. koombula 'balayer' kabwala 'retourner pour' (appl) koombwala 'balayer pour' (appl) kabwasa 'faire retourner' (caus) koombwasa 'faire balayer' (caus)
The question that we need to address is why the /e/ or /a/ of the FV spreads to the penultimate syllable in cases of imbrication? As stated in (25), this spreading of -e and -a is motivated by a phonotactic constraint barring the sequence [wi] . 20 When the sequence [wi] arises through imbrication, it is repaired by spreading the feature Mid or Low of the final vowel to yield the changes in (25a,b). The spreading of the FV can in fact take place at-a-distance. The input verb bases in (26a) all have the shape CVCul-, which permits imbrication of the applicative in (26b). When these applicativized verbs are in turn perfectivized, we obtain the forms in (26c), where the Cwi → Cwe repair is found in the antepenultimate syllable. 21 In other words, the underlined vowel in the output of the derivational account in (27) has become Mid at a distance from the final vowel -e of the perfective:
(27) Derivational account of applicative +perfective VHH at a distance:
The examples in (28) show a similar at-a-distance spreading of the final vowel -a: 22
yekwasan-a 'se séparer, divorcer' yekul-a 'séparer, écarter' yekwas-a 'séparer, diviser' e. /ziimbul-is-an-a/ ziimbwasan-a 'se raconter' ziimbul-a 'expliquer, exposer'
These all involve the imbrication either of the causative morph -is-or the first -il-of the -ilil-suffix. A derivational account of (28a) is shown in (29).
(29) Derivational account of -isil-VHH at a distance:
In both (27) and (28) 
khekhy-a khye-ele khye-el-a 'faire jour' d.
bubw-a bu-udi bu-ul-a bu-us-a 'tomber' fufw-a fu-udi fu-ul-a 'mourir' huhw-a hu-udi hu-ul-a 'finir' nunw-a nu-uni nu-un-a nu-us-a 'boire' tsutsw-a tsu-udi tsu-ul-a 'manquer' tutw-a tu-udi tu-ul-a 'être aiguisé' vuvw-a vu-udi vu-ul-a 'posséder' wuw-a wu-udi wu-ul-a 'entendre' e. t at -a te-ele te-el-a te-es-a 'frapper'
As seen, in suffixed forms such as the applicative column of (31d), we obtain buul-a, fuul-a etc. instead of *bwiil-a and *fwiil-a, as these forms are pronounced in certain Kongo dialects. What this represents is another instance of the preservation of the V 1 vowel /u/ of -bu-, -fu-, etc.
Finally, consider the forms in (32), where imbrication is responsible for the truncation of the -ilpart of the the perfective suffix -ile. 23 (32) Only "plateauing" VHH with imbrication when coronal C is preceded by /i/ a . yimbil-a → yimbid-i 'chanter' b. keembil-a → keembel-e 'faire volteface' kuukil-a → kuukid-i 'croire' boondil-a → boondel-e 'se desagréger' yambil-a → yambid-i 's'éveiller' Without imbrication, the perfective of yimbil-a in (37a) would have been *yimbid-idi, while that of keembil-a in (37b) would have been *keembel-ele, etc. Plateauing vowel height harmony applies in (32b), but there is no height harmony in (32a). We can explain why Mid does not spread with imbrication in (32a) by noting that there is no *[wi] problem and hence no need for the final vowel -e to spread leftwards. In fact, an output such as *yimbel-e would have been ruled out as a PLATEAU violation, exactly as in the tableau in (16b).
The question we must now address is how imbrication should be analyzed. There are at least three logical possibilities. The first is to posit underlying /-ile/ and /-il-/ suffixes on all perfective and applicative forms, respectively, whether they imbricate or not. Imbrication would then be handled by somehow converting /butul-ile/ 'commencer + perf' to [butwele] . A second possibility is to treat imbrication as the infixing of -il-(or perhaps just -i-) before a final coronal consonant (cf. Hyman 1995b, where base-final consonants are prosodically circumscribed to allow infixation). Finally, we can adopt Goldsmith's (1985) analysis and treat imbrication as the spreading of the -e or -a features of the FV, i.e. without having to recognize an -il-sequence in such forms (cf. the Appendix).
In the present analysis I shall assume what I consider to be the traditional account of imbrication as documented in Bastin (1983) , Hyman (1995) and elsewhere. The non-imbricated perfective and applicative allomorphs are underlyingly /-ile/ and /-il-/, respectively, where both the /i/ and the /l/ could be default. The imbricated representations are -i-e and -i-, respectively, where -i-is an infix consisting of a mora and a F(ront) feature. 24 Considering the perfective first, the imbricated allomorph will be assigned if two conditions are met: (i) The base has to have at least two syllables, i.e. be of the shape CV(V)CVC-or longer. (ii) The final consonant has to be coronal. We have seen that the vowel preceding the consonant can be either /u/ or /i/, as in (32) . (This will be extended to /a/ in §4.) For such forms that imbricate the perfective allomorph consists of the FV /-e/, the infix /-i-/ and a relatively high constraint MAX which requires that each input segment have an overt expression on the surface (i.e. short of violating a higher ranked constraint). 25 The desired effect is that the M or L of the final vowels -e and -a spread right-to-left in order to avoid [wi] , sometimes at a distance.
With these assumptions, the following tableau shows how perfective imbrication can be appropriately realized:
23 In §4 we shall see that the perfective imbricates also when the pre-coronal vowel is /a/. By contrast, applicative -il-imbricates only if the preceding sequence is specifically /ul/, exactly as in distant Bemba M.42 (Hyman 1995b) . I assume that these differences simply have to be stipulated. 24 The infixed variants can in fact be considered to be "enriched inputs" in the sense of Sprouse (1997) . 25 I assume that the inputs to the forms in (32a) will be yimbi-i-l-e, kuuki-i-l-e and yambi-i-l-e, even though -i-does not surface. Although MAX is thus violated, an output such as *yimbiid-i would violate an even higher ranked constraint that forbids long vowels except in stem-initial syllables (see §4). We begin with /butu-i-l-e/ the perfective of /butul-/ 'commencer'. Candidate (33a) is ruled out by virtue of its violating *[wi], while candidate (33d) violates even higher-ranked IDENT V 1 . Candidate (33b) is rejected on the basis that the infix -i-has no surface correspondent. 26 Now let us consider applicative imbrication, which is more restricted than in the perfective: (i) The base has to have at least two syllables, i.e. be of the shape CV(V)CVC-or longer. (ii) The final consonant has to be /l/ (or its nasalized derivative [n]). (iii) The vowel that precedes the final /l/ must be /u/. 27 Starting with /butu-i-l-a/ 'commencer par', the imbricated applicative form of /butul-/, the tableau in (34) shows that the same ranked constraints produce the correct output derivation of butwala 'commencer par' is rather straightforward:
bwat(w)al-a * ! Candidate (34a) is ruled out by the *[wi] constraint, while the candidates in (34b) and (34c) are blocked because of their violation of MAX. As seen, the correct output, butwal-a, in (34d) does not violate any of the five constraints considered. Finally, (34e) is the worst candidate, since the L of -a has spread also onto the stem-initial syllable, thereby violating IDENT V 1 .
In these tableaux we have observed the desired spreading of the FV -e or -a triggered by imbrication, as summarized again in (35a,b). Returning to the Constraint MAX, we have rejected the outputs butud-i in (33b) and (36b) and butul-a in (34b) on the basis of their having no exponent of the input infix -i-. In each case the output candidate is identical to how an input without -i-would have been realized. Arguments involving the avoidance of homophony are admittedly tricky (cf. Kisseberth & Abasheikh 1974). We have, for instance, already seen a case of paradigmatic merger in the forms in (32). When yimbil-'sing' becomes yimbid-i by imbrication in the perfective (rather than *yimbid-idi), it merges with the conditional, whose final is simply -i. On the other hand, applicatives do not permit imbrication in the perfective. Thus, when bak-il-, the applicative of bak-'prendre', is perfectivized, the output is bak-id-idi, not *bak-id-i. This contrasts with forms of the shape CVCil-which are not applicatives, e.g. the minimally contrastive form, bakil-'réprimander', whose perfective is bakid-i. This fact provides further evidence that Yaka speakers also do not allow the applicative allomorph -il-to get totally lost. 31 Finally, let us consider how to achieve the correct output when the verb root has the shape -Cu-, as the input /bu-il-a/ 'tomber + appl' in (37).
28 Another possibility in a derivational approach would be to recognize an intermediate representation butwal-a. One could then replace the FV -a with -i (or perhaps even recognize a sequence of FV's -a-i which are spelled out cyclically). In the absence of more information on the conditional FV we will not explore these options further here. 29 Among other possibilities would be for imbricated forms to be impossible when the FV is -i. In this case speakers might simply block imbrication and use unimbricated allomorphs in their place. Another would be to simply have no way to express applicative+conditional, where imbrication would have been required, i.e. "good" isn't "good enough" (Orgun and Sprouse, to appear). As seen, Yaka instead prefers to epenthesize [a] . 30 Many thanks to Eric Bakovic for pushing me to explore this strategy for explaining the occurrence of epenthetic [a] . 31 Cf. Ruttenberg (1971:15) : "...lorsque le suffixe -il-(-in-) est ressenti comme un vrai applicatif... on préfère la forme longue [of the perfective] (-ídí, -íní, -élé, -éné) à la forme courte (-í, -é)."
Both (37a) and (37b) violate IDENT V 1 and hence are rejected, whether or not we consider (37c) to violate MAX (since the mora of -i-is realized).
In the next section we shall see the need to refine IDENT V1 slightly.
TROUGH [V-V] and vowel height harmony
In previously sections we have provided evidence that right-to-left VHH is motivated by two independent constraints in Yaka: PLATEAU and * [wi] . In this section we consider a third constraint TROUGH [V-V] , which provides the final motivation for VHH in the language. For this purpose we begin by continuing the discussion of imbrication. In §3 we considered cases of perfective imbrication where the pre-coronal vowel is /u/ and /i/. We now consider the third vowel /a/ which allows imbrication only in the perfective. The data in (38) show that when the pre-coronal vowel is /a/, imbrication produces [e] from /a+i/:
(38) Perfective imbrication with the pre-coronal vowel /a/ a . timan-a → timen-e 'se débattre' b. kweelan-a → kweelen-e 'se marier' sundal-a → sundel-e 'dormir' zoondan-a → zoonden-e 's'arranger' zakal-a → zakel-e 's'éveiller'
A standard derivational account such as documented in Bastin (1983) and Hyman (1995b) would be as in (39).
(39) Derivational account of imbrication
z a k a i l e z a k a i l e z a k e l e First the perfective is spelled out by placing the vowel [i] before the /l/ and the vowel -e at the end. Since vowel length is possible only in stem-initial position, the first V of a VV bimoraic sequence is deleted-in this example, the V 2 . At this point /a/ + /i/ fuse into short [e] .
In such verb forms we thus have the same fusion of a+i that we saw in the plural noun forms in (14a) above: /ma+iso, ma+ino/ → meeso 'eyes', meeno 'teeth'. The correct output is obtained as in (40). (40c) is the correct output, even though it violates PLATEAU. As seen, however, (40a), in which the second /a/ of /zaka-i-l-e/ is not realized violates only low-ranked IDENT FV. In order to obtain the correct output, we assume in just this case that both vowels of an /ai/ input can correspond to an input [e]. 32
As a result of imbrication, we thus can derive a penultimate [e] from the coalescence of a+i. However, nothing we have seen thus far would explain why the (non-imbricated) perfective ending is -ene in (41). (41) Recall from forms such as kas-idi 'lier' and kan-ini 'proposer', seen earlier in (3a), that the form of the perfective suffix is -idi or -ini after a CaC-root. Thus we know that plateauing does not occur between a first syllable /a/ and the perfective FV -e. However, as seen in (41), right-to-left spreading of M does occur if the preceding /a/ is not stem-initial. 33 We thus obtain yilam-ene instead of *yilam-ini (etc.). The question is why?
The answer comes from an examination of the prosodic structure of the stem (root + suffixes). As shown, in (42), I propose that verb stems in Yaka (and in Bantu generally), divide into the following subcomponents for prosodic purposes:
(42) The prosodic trough (τ) as a harmony domain (vs. "perimeters") General Bantu Trough:
As indicated, the stem contains a "prosodic trough" obtained by exbraciating the two perimeters: (i) the initial CV(V)C and (ii) the final V of the stem. In (42a), Yaka verb stems of the shape CV(V)C-V have no trough, while those in (42b) and (42c) have -VC-and -VCVC-troughs, respectively. It is crucial that phonological restrictions often hold only within the trough, as thus defined. While the 32 This also applies to the nouns meeso and meeno in (14a). It is, however, not clear how these surface realization survive, given that they violate IDENT V1. There are a number of strategies that might be followed, one of which is to redefine IDENT V1 so that it applies only to stems which begin CV. Another is to seek a coalescence constraint specific to /ai/. I shall unfortunately not be able to resolve this problem here. 33 As seen in the following distributions, Ruttenberg's perfective entries for CVCam-verb stems are somewhat inconsistent: CiCamene 13 CiCemene Ø CuCamene 15
CuCemene Ø CaCamene 21
CaCemene 1 CeCamene 8
CeCemene 12 (=apparent plateauing through /a/) CoCamene 10
CoCemene 3 While the majority (67) simply add -ene, 16 also change the preceding /a/ to [e] (in violation of MAX [L]). As seen, 15 of these involve a root-initial /e/ or /o/, thus suggesting an on-going changer whereby PLATEAU may ultimately enforce VHH through an intervening /a/. Although an interesting attempt to deal with these forms would be to reverse the ranking of MAX [L] and PLATEAU, I won't address them further here. The important issue for our purposes is simply to account for why the perfective ending is -ene when preceded by a non-root-initial [a] .
prosodic trough is important in every Bantu language I know, it has a particularly rich set of effects in Yaka, as follows:
(i) The only underlying vowels found in the prosodic trough are /i, u, a/ vs. the full set /i, e, u, o, a/ found in the perimeters.
(ii) The only consonants found in the trough are the coronals /t, l, n, s/ and the non-coronals /m, k, ng/ vs. a much larger inventory in the initial CV(V)C perimeter.
(iii) Long vowels are not allowed in the trough (and in fact appear only in the initial perimeter). Among other things, this accounts for why imbrication fails to produce a long vowel in polysyllabic bases as it does in other Bantu languages where vowel length is not restricted to the initial perimeter. 34 (iv) Only trough vowels are subject to right-to-left VHH, which thus does not affect the vowel in the first perimeter. Thus, root-initial /i/ or /u/ never lowers to [e] (vii) Imbrication affects both vowels of a -uCuC-trough, e.g. futumun-→ futwem w en-e 'ressusciter (tr.)', but not an /u/ in the first perimeter (see Appendix).
(viii) The trough is virtually limited to a -VCVC-maximum. Ruttenberg (1971) lists only three (non-perfectivized) verbs that have five syllables: One is the applicative fikukidila from fikuka (or fikukila) 'pleurnicher, sangloter'. The other two are reduplications: baaka-(ku)baaka 'déchirer plusieurs fois' and beeta-beeta 'frapper plusieurs fois'.
(ix) The only underlying -VCVC-trough sequences are -iCiC-, -uCuC-, -aCaC-and -uCiC-.
(x) The only -VCVC-trough sequences with (derived) M vowels are -eCeC-, -oCeC-, -oCoC-, and -aCeC-.
The above generalizations are possible to state and hold true only of the prosodic trough as I have defined it. By positing the trough and its limitations, we can explain a number of facts about Yaka, e.g. the appearance of forms such as yilam-ene in (42) rather than *yilam-ini. As seen in the table in (44) 34 As will be seen in the Appendix, when imbrication exceptionally occurs in the first syllable (hence first perimeter) of the stem, a long vowel is obtained, e.g. mat-'grimper' → meet-e.
-aCiC-is not a possible trough sequence, while -aCeC-is. (44) thus crucially depends on recognizing the trough as a prosodically weak sequence occurring between two peaks of prominence. The data in (45) confirm that the constraint against *-aCiC-, among others, pertains specifically to the trough as the relevant domain:
(45) -aCiC-sequences are prohibited only within the trough a . CVC-VCVC-V :
Since the -amin-sequence is fully contained within the trough in (45a), this form is impossible (and is modified to kab-amen-e as a result). Forms such as kab-ik-a in (45b) show that an -aCiC-sequence is well-formed if the /a/ is in the first perimeter and the /i/ in the trough. It is therefore necessary to remove the first vowel from consideration of the constraint. The examples in (45c,d) further show that the FV -i also does not figure in the constraint: In kab-am-i in (45c), the /a/ is in the trough, while the /i/ is in the second perimeter, while in (45d), the /a/ is in the first perimeter, and the /i/ in the second.
As stated above, not only are the underlying trough vowels restricted to /i, u, a/, but consonants are also restricted to a set of seven: /t, l, n, s, m, k, ng/. In (46) I present the specific -VCVC-trough sequences that confirm these observations: (46) Attested trough -VCVC-sequences in verbs a . -ikis-(42), -idil-(10), -ikil-(9), -idik-(5), -inin-(3), -inis- (2) b. -umun-(56), -ulul-(36), -umuk-(27), -uluk-(9) , -unun- (2) c. -asan-(40), -akan-(34), -alal-(17), -aman- (14), -anan-(6), -amas-(5), -angan-(4), -asal-(3), -angas-(2), -akas- (1) d. -ukil-(6), -ukin-(1), -ukis-(1), -umin- (1) The number in parentheses after each sequence indicates how many entries appear with this form in the Ruttenberg dictionary of 1781 verb forms. In (47) I indicate selected historical developments which show how some of these sequences arose from concatenations of Proto-Bantu suffixes:
(47) Selected historical developments yielding trough properties a . -umuk-, -umun-< *-am-uk-, *-am-ud-(positional + reversive) b. -asan-, -akan-< *-is-an-, *-ik-an-(causative/impositive + reciprocal) c. -amas-/-aman-< *-am-is-, *-am-id-(positional + causative/applicative)
As seen, the *a of -am-has assimilated to the following *u of the reversive suffixes *-uk-and *-ud-in (47a), while the *i of the causative and impositive suffixes has assimilated to the *a of the reciprocal suffix *-an-in (47b). Finally, in (47c) we see that the *i of the causative and applicative suffixes assimilate to the preceding *a of the positional suffix *-am-. 35 We thus see that Yaka gives evidence of a prosodic trough of easily identifiably properties, one of which is to motivate VHH of CVC-amin-e to CVC-amen-e. Other Bantu languages fall within a wide range. At one extreme a language may have relatively free trough properties (though cf. the quote from Meeusen 1967 in note 12). At the other end of the spectrum a language can have even greater restrictions on its trough than Yaka. In Tiene B.81, for example, Hyman & Inkelas (1997) propose, based on Ellington (1977) , that the prosodic trough is maximally VCVC, where the first C must be coronal and the second C must be non-coronal. In many Bantu languages the trough properties will be limited to vowel distributions and vowel harmony. In others tone may be involved. In this last context, it is interesting to note that the plateauing of Mid in Yaka is quite reminiscent of tonal plateauing, as in Ganda E./J.15, for instance. The constraint against a single final [e] may also be compared to disallowing a single final H tone. Perhaps this similarity to tone is why it has not seemed inappropriate to designate vowel height harmony in terms of "H", "M" and "L" in Yaka.
Summary and conclusion
I shall now summarize what I hope to have achieved in the preceding sections. First, I have shown that vowel height harmony is not progressive in Yaka, as previously believed, but rather operates from right-to-left. Second, I have shown that mid harmony in Yaka is independently "enforced" by three different constraints: First, PLATEAU, which says that a M feature should be immediately preceded by another Mid. Second, *[wi] which rules out such sequences. And third, TROUGH, a family of constraint which rules out unlicensed sequences, e.g. -aCiC-, within the prosodic trough. In addition, I have more generally shown that segmental and sequential constraints are more severe between elements that are fully contained within the trough vs. partially or totally occurring outside the trough. 36 Although other patterns are also attested in Bantu, one prosodic organization of vowel harmony in these languages is for the trigger to be in the perimeter and the target in the trough, as we have seen in Yaka. However, the directionality of vowel height harmony is not predictable from the number or nature of contrasts alone: Vowel harmony can be regressive, as in Yaka, or progressive, as in other Bantu languages-depending on which perimeter serves as the trigger. That is, the trough can in principle attract features either from the initial CVC perimeter or from the final vowel. In this sense directionality still needs to be stipulated. 37 35 Ruttenberg (1971) includes examples like fukamana 's'agenouiller pour adorer' (< fukama 's'agenouiller') and sikamana 'se réveiller à cause de quelque chose' (< sikama 'se réveiller'), which are clearly applicatives. Lukowa Kidima (personal communication) informs me that he usually applicativizes CVCam-verb bases as CVCam-an-, but that CVCam-in-is possible in another dialect area. 36 Although not developed in this paper, another conclusion to draw from Yaka is that a number of its constraints are language-specific, i.e. arbitrary from a synchronic point of view. There is, for example, no general linguistic reason why the sequence -uCiC-should be permitted in the prosodic trough while the sequence *-iCuC-is disallowed. There is, however, a good historical explanation: Proto-Bantu suffixes with the vowel *u are more tightly bound to the root than suffixes that reconstruct with *i. Thus it is not difficult to obtain sequences such as *CVC-uk-id-a, *CVCuk-id-e and *CVC-uk-is-a, where the applicative, perfective and causative suffixes with *i or *i follow the reversive intransitive suffix *-uk-. The opposite is quite impossible, since *-uk-and *-ud-attach normally only directly to the verb radical. While some Bantu languages allow -iCuC-sequences, many others modify these to -uCuC-or -iCiC-to avoid an earlier /i/ followed by a later /u/. A rather striking case occurs in nearby S. Kongo (Bentley 1886, vol. 1, pp.640-641) . In this language, trough /u/ must precede trough /a/ and both /u/ and /a/ must precede /i/ and its harmonized variant /e/. That is, the trough vowels must occur in the fixed order u-a-{i,e}. 37 I have not addressed the question of how to make VHH regressive in Yaka. One possibility followed in an earlier version of this paper is to invoke Alignment (McCarthy & Prince 1993) . Another is to view the first syllable as "inert" to certain interactions, as Hyman & Inkelas (1997) suppose for Tiene. The latter approach seems somewhat problematic in Yaka, where, for instance, a trough /l/ nasalizes to [n] when preceded by a nasal (which can be in the first perimeter). Whatever the answer, the constant across Bantu languages is the vulnerability of trough elements which may be targeted by perimeter elements on either side.
As seen, the trough has the shape VC in all examples. The /a/ of the VC conforms to the trough properties, as do the consonants /t/, /n/, /l/ and /m/. The /o/ in (49d) is exceptional, as is the /b/ in the last form in (49b). With this exceptional structure, imbrication will appropriately place the infix -ibefore the final consonant of the trough, as seen in (50), and surface [e] will be obtained by coalescence. 39 (50) Trough analysis of imbricated short verbs a . <ki> a-i-t <-e> b. <si> a-i-m <-e> c. < k > a -i -l <-e> d. <m> o-i-n <e> <nu> a-i-n <-e> <su> a-i-m <-e> <m> a-i-n <-e> < h a > a-i-n <-e> <ya> a-i-b <-e> <m> a-i-t <-e> <n> a-i-t <-e>
Long forms
Let us now consider how imbrication affects longer verbs in Yaka. Recall from (6) that a -iC-or -uC-suffix that intervenes between a Mid root vowel and the perfective suffix will undergo plateauing VHH. This plateauing at a distance is further illustrated in (51).
(51) Plateauing VHH of intervening H vowels
The examples in (51b) show the lowering of the two intervening vowels of intransitive -umuk-caught between the mid vowel of the root and the perfective suffix. Now compare the corresponding transitive -umun-forms in (52), where imbrication takes place:
(52) Imbrication regularly affects entire -VCVC-sequences a . kindumun-a → kindwemwen-e 'déplacer par moyen d'un lévier (arbre, pierre)' futumun-a → futwemwen-e 'ressusciter (tr.)' yandzumun-a → yandzwemwen-e 'étaler, étendre, ouvrir'
b. kendumun-a → kendwemwen-e 'rouler (tr.)' wongumun-a → wongwemwen-e 'désagreger, décomposer, s' écrouler'
The examples in (52) show imbrication affecting both /u/'s of an -umun-suffix. 40 The expected realizations of the perfectivized forms in (52) are shown in (53).
To assure that both the penultimate and antepenultimate vowels are targeted, one might interpret imbrication as invoking a left-alignment of the FV features with the stem, thereby mirroring Goldsmith's derivational account. 42 The F feature of the perfective thus spreads to the left-most vowel that it can. Given IDENT V 1 , this means as far as the vowel of the second syllable, i.e. only trough vowels are affected. Unfortunately Ruttenberg (1971) gives only one five-syllable verb stem, fikukidila, said to be the applicative of fikuk-a 'pleurnicher, sangloter', which, since applicatives don't undergo perfective imbrication, is realized fikukidid-idi in the perfective. 43 So we can't test this hypothesis on longer verbs-specifically on CVCuCuCuC-a verbs, which we hypothesize to imbricate as CVCweCeCeC-e. 44 In our account of imbrication, we chose however not to invoke alignment, but rather to infix -ibefore the base-final consonant. The following tableau illustrates how this analysis of imbrication fares with a base such as fukulul-'recouvrir de nouveau': 45 (58d) violates TROUGH (since -uCeC-is not an acceptable trough sequence). Also, (58g) is ruled out because it violates IDENT V1. The problem here, however, is that the incorrect candidate (58e) is not differentiated from the correct output (58f). This is because the -oCeC-of (58e) is not a trough violation. We see this in verb bases such as hemukin-'haleter', whose perfective is hem-oken-e (with imbrication and PLATEAU harmony). The problem, then, is how to get infixed -i-to "spread" to the antepenultimate syllable.
Although there are several ways one might try to patch this up, it is not clear which is correct. The simplest way to fix things would be to add a constraint to the effect that a sequence -oCweC-is a trough violation (vs. -oCeC-, which is acceptable). We have already seen in (52) and (54) that CVCumun-imbricates as CVC-wemwen-e, while CVC-ulul-imbricates as CVC-welel-e. Clearly consonant labialization is an issue here. I shall therefore assume that these distinctions should also be worked into the TROUGH family of constraints. 46 Given the fact that imbrication modifies both /u/'s in CVCuCuC-bases, it is natural to ask what happens when the base has the shape CVCaCaC-. The rather skewed answer is shown in the The left-most column lists the different -aCaC-sequences that can follow the initial CVC of the stem. The second column distinguishes between two possible imbricated forms: The upper form shows only the penultimate /a/ becoming [e] , while the lower one shows both the penultimate and the antepenultimate /a/ becoming [e] . Across the top of the table are the five V 1 vowels that precede the -aCaC-sequence in each case. The results are summarized in (60). As can be seen in the summary that follows the table, there is a tendency for the plateauing of M to go through an /a/, not just a high vowel (cf. also note 33). Thus, 12 out of 16 verbs with the root-initial vowel /e/ imbricate not only the penultimate /a/ to [e], but also the antepenultimate /a/ to [e] . In addition, there is a weaker tendency, about 1 in 4, for CVCaCaC-bases to become CVCeCeC-when the vowel of the stem-initial syllable is /i/, /u/ or /a/. Though not categorical, this appears related to the modification of both /u/'s of CVCuCuC-bases to [e] , and to the tendency noted by Goldsmith (1985:265) that "extensions of the form -VC-... agree in vowel quality...." Whereas the situation has stabilized in the case of the imbrication of -uCuC-, the data in (59) and note 33 suggest that -aCeC-is gradually being replaced by -eCeC-. We thus undoubtedly have a change in progress in the case of the imbrication of -aCaC-, and hence a complexity that with time should work itself out.
